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Mutated 5-wK>lpyrwryXBhikij>mta-3>phoapbate synthase, 
gane coding for this protein and t ran a formed plants 
containing this gene 

The prevent invention relates to a new 
5 5-enolpyruvylshikimate-3 -phosphate synthase (or EPSPS) 
which display b increased tolerance with respect to 
herbicides which are competitive inhibitors with 
respect to phosphoenolpyruvate (PEP) of EPSPS activity. 
This more tolerant EP6P synthase possesses at least one 
10 "threonine by isoleucine" substitution. The invention 
^ also relates to a gene coding for such a protein, to 

W plant cells transformed by chimeric gene constructions 

Ul containing this gene, to the plants regenerated from 

M 

these cells and also to the plants originating from 
***** 15 crossing using, these transformed plants. 

^ ^ Glyphosate, sulfosate and fosametine are 

broad- spectrum systemic herbicides of the 
phosphonomethylglycine family. They aot essentially as 
competitive inhibitors of 5-enolpyruvylehikimate-3- 
20 phosphate synthase (EC 2.5.1.19) or EPSPS with respect 
to the PEP (phosphoenolpyruvate) . After their 
application to the plant, they are translocated in the 
plant where they accumulate in the rapidly growing 
parts, in particular the cauline and root apices , 
25 causing damage to the point of deetruction of sensitive 
plants* 

Plastid EPSPS , the main target of these 
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products, is an enzyme o£ the pathway of biosynthesis 
of aromatic amino acids, which is encoded by on* or 
mora nuclear genes and synthesized in tha form of a 
cytoplasmic precursor, then imported into the plaatids 
where it accumulates in its mature form. 



products of the family is obtained by stable 
introduction into their genome of an EPSPS gene, of 
plant or bacterial origin, which is mutated or 

10 otherwise in respect of the characteristics of 

inhibition by glyphosate of the product of this gene. 
In view of the mode of action of glyphosate the 
degree of tolerance to glyphosate of the product of the 
genes which are used, it ia advantageous to be able to 

15 express the product of the translation of this gene so 
as enable it to be accumulated in substantial amounts 
in the plastids. 



4,535,060, to confer on a plant a tolerance to a 
herbicide of the above type, especially N-phosphono- 
methylglycine or glyphosate, by introducing into the 
genome of plants a gene coding for an EPS PS carrying at 
least one mutation that makes this enzyme more 
resistant to its competitive inhibitor (glyphosate) 
after localization of the enzyme in the plastid 
compartment. These techniques, however, need to be 
improved in order to obtain greater reliability in the 
use of these plants under agricultural conditions. 



The tolerance of plants to glyphosate and to 



It is known, for example from US Patent 
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In the present description/ "plant" is 
understood to mean any differentiated multicellular 
organiem capable of photosynthesis, and "plant cell" is 
understood to mean any cell originating from a plant 
and capable of constituting undifferentiated tissues 
such as calluses or differentiated tissues such as 
embryos or plant parts or seeds. 

The subject of the present invention is the 
production of transformed plants having increased 
tolerance to herbicides of the phosphonomethylglycine 
family, by regeneration of cells transformed by means 
of new chimeric genes containing a gene for tolerance 
to these herbicides* 

The subject of the invention is also a 
chimeric gene for conferring on plants increased 
tolerance with respect to a herbicide having EPSPS as 
its target, comprising, in the direction of 
transcription: a promoter region, optionally a transit 
peptide region, a sequence of a gene coding for a 
glyphosate tolerance enzyme and an untranslated 
polyadenylation signal region at the 3' end, 
characterised in that the glyphosate tolerance gene 
contains , relative to the gene from which it is 
derived/ a "threonine 102 by isoleucine" substitution 
in the n aroA" (EPSPS) region. Preferably, it comprises, 
in addition, in the same region, a "proline 106 by 
serine 11 substitution. These substitutions can be 
introduced or be present in an EPSPS sequence of any 
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origin, in particular of plant, bacterial, algal 
fungal origin. ^ 



tranait peptide region can be, known per se, of plant 
origin, for example originating from maize, sunflower, 
pea, tobacco or the like. The first and the second 
tranait peptide can be identical, similar or different. 
They can, in addition, eaeh comprise one or more 
tranait peptide units according to European Patent 
Application BP 0 508 909. It is the role of this 
characteristic region to permit the release of a mature 
and native protein, and especially the above mutated 
BFSFS, with maximum efficacy in the plasmid 
compartment* 



composed of at least one gens promoter or promoter 
fragment which is expressed naturally in plants 
(tubulin, introne, aetin, his tone) . 



signal region at the 3' end of the chimeric gene may be 
of any origin, for example of bacterial origin, such as 
that of the nopal ine synthase gene, or of plant origin, 
such as that of the Armbidopai* thaliana hie tone H4A748 
gene according to the European Patent Application 
(European Application €33 317) . 

The chimeric gene according to the invention 
can comprise, in addition to the essential portions 




The promoter region of the chimeric gene 
according to the invention may be advantageously 



The untranslated transcription termination 
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above, at least one untranslated intermediate (linker) 
region, which can be located between the different 
transcribed regions described above. This intermediate 
region can be of any origin, for example of bacterial, 
5 viral or plant origin. 

Isolation of a cDHA coding for a naise KPSPSx 
p The different ateps which led to the 
obtaining of maize BPSPS cDNA, which aervad as 
substrate for the introduction of the two mutations, 
10 are described below. All the operations described below 
are given by way of example, and correspond to a choice 
made from among the different methods available for 
arriving at the same result. This choice hae no effect 
on the quality of the result, and consequently any 
15 suitable method may be used by a person skilled in the 
art to arrive at the same result. Most of the methods 
of engineering of DMA fragments are described in 
"Current Protocols in Molecular Biology" Volumes 1 and 
2, Ausubel P.M. et al., published by Qreene Publishing 
20 Associates and Wiley-Xaterseiesce (1989) (hereinafter, 
references to protocols described in this work will be 
designated "ref. CPMB"). The operations relating to DMA 
which were performed according to the protocols 
described in this work are especially the following: 
25 ligation of OKA fragments, treatment with Klenow DKA 
polymerase and T4 DNA polymerase, preparation of 
plasmid and of bacteriophage X DNA. either as a 
minipraparatlon or as a maxipreparation, and DNA and 
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RNA analy.es according to the Southern and Northern 
technique*, respectively. Other methods described in 
this work were followed, and only significant 
modifications or additions to these protocols have been 
described below. 



Pi 1. Ob taining of on JLro&idopsis tfcaliaaa EPSP6 
fragment 

P( 

a) Two 20-mer oligonucleotidea of respective 
sequences : , ^ - ✓ N 

C~ L- 5 ' -OCTCTGCTCATCTCTOCTCC- 3 ' 
U*L^ 5' -9CCCGCCCTTGACAJUiaAAi\-3 ' 
were synthesized from the sequence of an Arnbidopslo 
thallmna BF8PS gene (Klee H.J. et al. {1987) Mol. Gen. 
Genet., 210, 437*442). These two oligonucleotides are 
at positions 1523 to 1543 and 1737 to 1717, 
respectively, of the published sequence, and in 
opposite orientations . 

P I b) Arab! dope 1b thai 1 ana (var, Columbia) total 
DNA was obtained from Clontech (catalogue reference: 
6970-1) ♦ 

Pi c) 50 nanograms (ng) of DNA are mixed with 
300 ng of each of the oligonucleotides and subjected to 
35 amplification cycles with a Perkin- Elmer 9600 
apparatus, under the conditions of standard medium for 
amplification which are recommended by the supplier. 
The resulting 204-bp fragment constitutes the 
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ArabidopmiB thillon* ZPSPS fragment. 

P ( 2. Construction of a library of a cDKA firoo a 

BMS oaise call line 

p / a) 5 g of filtered cells are ground in liquid 
nitrogen, and the total nucleic acids are extracted 
according to the method described by Shure at al. with 
the following modifications! 

P | - the pB of the lysis buffer is adjusted 
to pH 9,0; 

P ( - after precipitation with isopropanol, 
the pellet is taken up in water and, 
after dissolution, adjusted to 2,5 h 
LiCl, After incubation for 12 h at *C, 
the pellet from centrifugation for 15 
min at 30,000 g at 4*C is 
resolubilised. The LiCl precipitation 
step is then repeated. The resolubilised 
pellet constitutes the RNA fraction of 
the total nucleic acids. 
P ! b) The poly (A)* RNA fraction of the RNA 
fraction is obtained by chromatography on an oligo<dT)- 
cellulose column as described in "Current Protocols in 
Molecular Biology" . 

P ( c) Synthesis of double- stranded cDNA having a 
synthetic EcoRI end: this is carried out according to 
the protocol of the supplier of the different reagents 
needed for this synthesis in the form of a kit: the 
■copy kit" from the company In Vitrogen. 
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Two single- stranded and partially 
complementary oligonucleotide* of respective sequences: 

5 ' - AATTCCCGGG- 3 ' 
Q,ls 5'-CCCGOO-3' (the latter being 
phosphorylated) 

are ligated with the blunt-ended double -stranded cDNAs. 

P This ligation of the adaptors results in the 
creation of Smal sites attached to the double -stranded 
oDNAa and KcoRI sites in cohesive form at each end of 
the double- stranded cDNAs. 

p d) Creation of the. library s 
P The cXTKAs possessing the artificial cohesive 
EcoRZ sites at their ends are ligated with 
bacteriophage XgtlO cDNA which has been cut with EcoRI 
and dephosphorylated according to the protocol of the 
supplier New England Biolabs. 

P An aliquot of the ligation reaction was 
encapsidated in vitro with encapsidation extracts, 
namely Gi gap a ok Gold, according to the supplier's 
instructions; this library was titrated using the 
bacterium B. coli CSQQhfl . Tha library thereby obtained 
is amplified and stored according to the instructions 
of the same supplier, and constitutes the BMfi maize 
cell suspension cDNA library* 

P Jc \y 3. Screening of the BUS maize cell suspension 
aim library with the Armhidopmia tbaliana KPSP probe 

The protocol followed is that of "Current 
Protocols in Molecular Biology" Volumes 1 and 2, 
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Ausubel P.M. et al., published by Greene Publishing 
Associates and Wiley- Interscisnce (1989) (CPMB) . 
Briefly, approximately 10* recombinant phages are 
plated out on LB dishes at an average density o£ 100 
5 phages/em 2 . The lytic plaques are replicated in 
duplicate on Aaersham Hybond N membranes. 

p The DHA was fisted to the filters by lfiOOkJ Uv 
treatment (Stratagene Stratalinker) . The filters were 
prehybridised in 6xflSC/0 .1%SDS/0.2S skimmed milk for 
10 2 h at 6S»C. The Arabidopmim taaliana SPSPS probe was 
labelled with [ 32 P]dCTP by random priming according to 
the supplier's instructions (Pharmacia Ready to Qo 
kit) . The specific activity obtained is of the order of 
10 cpm per fig of fragment. After denaturation for 5 
15 min at 100 °C, the probe is added to the 

prehybridization medium and hybridisation is continued 
for 14 hours at 55 •<=. The filtera are f luorographed for 
48 h at -80°C with Kodak XAR5 film and Amersham 
Hypsrscreen KPN enhancing screens. Alignment of the 
20 positive spots on the filter with the dishes from which 
they originate enables zones corresponding to the 
phages displaying a positive hybridization response 
with the Armbidopaia thai 1 una EPSPfi probe to be picked 
out from the dish. This step of plating out, transfer, 
15 hybridization and recovery is repeated until all the 
spots in the dish of the successively purified phages 
prove 100% positive in hybridisation. An independent 
plaque of phage lysis is then picked out in diluent X 
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medium (Trie-Cl pH 7.5; 10mM MgS0 4 ; O.lMNaCi; 0.1% 
gelatin) ; these phages in solution constitute the KPSP- 
poeitive clones of the BMS maize cell suspension. 



5 EPSP clones of the BUS maize cell suspension 

p Approximately 5xl0 fl phages are added to 20 ml 
of C600hfl bacteria at an OD 600na value of 2/ml and 
incubated for 15 minutes at 37°C. This suspension is 
then diluted in 200 ml of bacterial growth medium in a 
0 1-1 Erlexweyer and stirred in a rotary stirrer at 
250 rpm. Lysis is noted when the medium clarifies, 
corresponding to the lysis of the turbid bacteria, and 
takes place after approximately 4 h of stirring. This 
supernatant is then treated as described in "Current 
* Protocols in Moleeular Biology" . The DMA obtained 
corresponds to the EPSP clones of the BMS maize cell 
suspension. 



and separated on 0.8% LGTA/TBE agarose gel (ref. CPMB) . 

20 a final verification consists in checking that the 

purified DNA does indeed display a hybridization signal 
with the Arabidopaia thaliana EPSPS probe. After 
electrophoresis, the DNA fragments are transferred onto 
Amersham Hybond N membranes according to the protocol 

25 of Southern described in "Current Protocols in 

Molecular Biology-. The filter is hybridized with the 
Arahidepsls thai ion* EPSPS probe according to the 
conditions described in section 3 above. The clone 




the 



One to two fig of this DNA are cut with EcoRI 
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displaying a hybridization signal with the Arabldopsis 
thaiiana EFSF5 probe and aoataining the longe.t EcoRI 



0.8% LQTA/TBS agarose gel (ref. CPMB) . The gel fragment 
containing the 1.7-kbp insert i« excised from the gel 
10 by BET staining, and the fragment is treated with 

0-agarase according to the protocol of the supplier, 
Mew England Biolabs. The purified DNA of the 1.7-kbp 
fragment is ligated at 12 # C for 14 h with the dna of 
plaamid pUC IS (New England Biolabs) cut with ScoRI 
15 according to the ligation protocol described in 

"Current Protocols in Molecular Biology" . Two fil of the 
above ligation mixture are used for the transformation 
of an aliquot of electrocompetent E. coli DHlOBi 
transformation is accomplished by electroporation using 
20 the following conditions: the mixture of competent 
bacteria and ligation medium is introduced into an 
electroporation cell of thickness 0.2 cm (Biorad) 
previously cooled to 0*C. The physical conditions of 
the electroporation using an electroporator made by 
25 Biorad are 2500 volts, 25 mF and 200 Q. Under these 

conditions, the mean discharge time of the condenser is 
of the order of 4.2 milliseconds. The bacteria are then 
taken up in 1 ml of SOC medium (ref . CPMB) and stirred 



fragment has a size estimated on gel as approximately 
1.7 kbp. 




5. Obtai n ing of the clone pRPA-ML-711 



P Ten fig of the phage clone containing the 
1.7-kbp insert are digested with EcoRI and separated 
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for 1 hour at 2 00 rpm on a rotary stirrer in 15 -ml 
Corning tubas. After plating out on LB/agar medium 
supplemented with 100 W /ml of carbenicillin, minipre- 
P*ratious of the bacterial clones which have grown 
5 after one night at 37 *c are produced according to the 
protocol described in "Current Protocols in Molecular 
Biology". After digestion of the DNA with EcoRl and 
separation by electrophoresis on 0.8% LCTA/TBS agarose 
gel (ref. CPMB) , the clones possessing a 1.7-kbp insert 
10 are retained. A final verification consists in checking 
that the purified DNA does indeed display a 
hybridization signal with the Arab idops is thAlian* 
SPSPS probe. After electrophoresis, the DMA fragments 
are transferred onto Amersham Bybond N membranes 
15 according to the protocol of Southern described in 

"Current Protocols in Molecular Biology 11 . The filter is 
hybridized with the Axmbidopaia thai 1 ana EP8PS probe 
according to the conditions described in section 3 
above. The plasmid clone possessing a 1.7-fcbp insert 
20 and hybridizing with the JLxmbi&opaia thaliana SPSPS 
probe was prepared on a larger scale, and the DMA 
resulting from the lysis of the bacteria was purified 
on a CsCl gradient as described in "Current Protocols 
in Molecular Biology". The purified DNA was partially 
25 sequenced with a Pharmacia kit according to the 

supplier's instructions and using as primers the Ml 3 
direct and reverse universal primers ordered from the 
same supplier. The partial sequence produced covers 
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approximately 0.5 kbp. The derived amino acid sequence 



amino acid residues) displays 100% identity with the 
corresponding amino sequence of mature maize EPSFS 
5 described in American Patent USP 4, 971, 908, This clone, 
corresponding to a 1.7-kbp BcoRI fragment of the EPSP 
DNA of the BMS maize cell suspension, was designated 
pRPA-ML-711. The complete sequence of this clone was 
determined on both strandB using the protocol of the 
10 Pharmacia kit and synthesizing complementary 

oligonucleotides and those of the opposite orientation 
every 250 bp approximately. The complete sequence 
obtained of this 1713 -bp clone is presented in SEQ ID 
No. 1. 



ML-711, and especially comparison of the derived amino 
acid sequence with that of maize, shows a sequence 
extension of 92 bp upstream of the GCO codon coding for 

20 the NHj- terminal alanine of the mature portion of maize 
EPfiPS (American Patent USP 4,971,908). Similarly, an 
extension of 288 bp downstream of the AAT codon coding 
for the CO OH- terminal asparagine of the mature portion 
of maize EPflPS (American Patent USP 4,971,908) is 

25 observed. These two portions could correspond, in the 
case of the NH^ - terminal extension to a portion of the 
sequence of a transit peptide for plastid localization, 
and, in the case of the COOH- terminal extension, to the 



in the region of the mature protein (approximately 50 
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6. Obta ining of the clone pRPA-KL-715 
Analysis of the sequence of the clone pRPA- 
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untranslated 3' region of the cDNA* 

P In order to obtain a cDNA coding for the 
mature portion of the maize EPSPS cDNA, as described in 
USP 4,971,908, the following operations were carried 



Y [ a) Removal of the untranslated 3 f region: 
construction of pRPA-ML-712: 

P The clone pRPA-ML-711 was cut with the 
restriction enzyme AseX, and the ends resulting from 
this cleavage were rendered blunt by treatment with the 
Klenow fragment of DNA polymerase I according to the 
protocol described in CPMB. A cleavage with the 
restriction enzyme SacXI was then performed* The DNA 
resulting from these operations was separated by 
electrophoresis on 1% LOTA/T8I agarose gel (ref. CPMB) ♦ 
p The gel fragment containing the 0.4-kbp 



"Asel-blunt enda/Saell" insert was excised from the gel 
and purified according to the protocol described in 
section 5 above. The DMA q£ the clone pRPA-ML-711 was 
out with the restriction enzyme Hindlll at the HindlU 
site located in the polylinker of the cloning vector 
pUC19, and the ends resulting from this cleavage wars 
rendered blunt by treatment with the Klenow fragment of 
DNA polymerase I* A cleavage with the restriction 
enzyme SacII was then performed. The DNA resulting from 
these manipulations was separated by electrophoresis on 
0.7% LOTA/T8I agarose gel (ref. CPMB) • 

P The gel fragment containing the approximately 



out: 




IS 

3.7-Jcbp Hindlll-blunt ends/Sadl insert was excised 

from the gel and purified according to the protocol 

described in section 5 above. 

P The two inserts were ligated, and 2 pi of the 

ligation mixture were used to transform E. coli DH10B 

as described above in section 5. 

f The plaemid DNA content of different clones 
was analysed according to the procedure described for 
pRPA-ML-711. One of the plasmid clones selected 
contains an approximately 1.45-kbp BcoRI-Hindlll 
insert • The sequence of the terminal ends of this clone 
reveals that the 5' end of the insert corresponds 
exactly to the corresponding end of pRPA-ML-711, and 
that the 3' -terminal end possesses the following 
sequence t 

" 5 ' - . . ♦ A&TTAAGCTCTAGAGTCGACCTQCAQGCATGCAAGCTT - 3 ' » . 

' P ^ 

[ The underlined sequence corresponds to the 

codon of the COOH- terminal amino acid aeparagine, the 
next codon corresponding to the translation stop codon. 
The nucleotides downstream correspond to sequence 
elements of the pUC19 polylinker. This clone comprising 
the pRPA-ML-711 sequence up to the translation 
termination site of mature maize EPSPS and followed by 
sequences of the pUC 19 polylinker up to the Hindlll 
site was designated pRPA-ML-712. 

p b) Modification of the 5' end of pRFA~ML-712 : 
construction of pRPA-ML-715: 

P The clone pRPA-ML-712 was cut with the 
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restriction enzymes Pstl and Hindlll. The DMA resulting 
from these manipulations was separated by 
electrophoresis on 0.8% LOTA/TBE agarose gel (ret. 
CPMB) ♦ The gel fragment containing the 1.3-Wbp Pstl- 
5 Ec oR I insert was excised from the gel and purified 

according to the protocol described in section 5 above. 
This insert was ligated in the presence of an 
equimolecular amount of each of the two partially 
complementary oligonucleotides of sequence: ^gtpj: Z>^ 0 ' 

A , 10 Oligo 1: 5 ' - GAGCCGAGCTCCATGGCCGGCGCCGAGGAGATCGTGCTGCA- 3 ' 

(^l^ Oligo 2t S' -GCACClATCTCCTCGGCaCCGGCCATGaAOCTCGGCTC-3^^^^ 
Q2 p ^ as well as in the presence of plasmid pUC19 DNA 

digested with the restriction enzymes BamHZ and 
Hindlll. 

15 p Two fil of the ligation mixture were used to 

transform E. coll DH10B as described above in section 
5. After analysis of the plasmid SKA content of 
different clones according to the procedure described 
above in section 5, one of the clones possessing an 
20 approximately 1.3-kbp insert was retained for 

subsequent analyses. The sequence of the 5' -terminal 
end of the selected clone reveals that the DNA sequence 
in this region is the following: sequence of the pUC19 
polylinker from the EcoRJ to the BamRI sites, followed 
25 by the sequence of the oligonucleotides used in the 
cloning, followed by the remainder of the sequence 
present in pRPA-ML-712 . This clone was designated pRPA- 
ML-713 . This clone possesses a methionine ATG codon 
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included In an Ncol site upstream of the N- terminal 
alanine eodon of mature EPS? synthase. Furthermore, the 
alanine and glycine codons of the N- terminal end have 
been preserved/ but modified on the third variable 



restriction enzyme Hindlll, and the ends of this 
cleavage were rendered blunt by treatment with the 
Klenow fragment of DNA polymerase I. A cleavage with 

10 restriction enzyme SacI was then performed. The DNA 
resulting from these manipulations was separated by 
electrophoresis on 0.8% LGTA/TBE agarose gel (ref. 
CPKB) . The gel fragment containing the 1.3-kbp 
"Hindlll -blunt ends/Baal" insert was excised from the 

15 gel and purified according to the protocol described in 
section 5 above. This insert was ligated in the 
presence of plasmid ptJC19 DMA digested with restriction 
enzyme Xbal, and the ends of this cleavage were 
rendered blunt by treatment with the Klenow fragment of 

20 DNA polymerase X. A cleavage with the restriction 

enzyme SacI was then performed. Two pi of the ligation 
mixture were used to transform E. coli DH10B as 
described above in section 5. After analysis of the 
plasmid DNA content of different clones according to 

25 the procedure described above in section 5, one of the 
clones possessing an approximately 1.3-kbp insert was 
retained for subsequent analyses. The sequence of the 
terminal ends of the selected clone reveals that the 



5 



bases initial GCOOOT gives modified GCCGOC. 



The clone pRPA«lCL-713 was cut with the 
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DNA sequence is the following; sequence of the pDC19 
poly linker from the EcoRI to SacI sites, followed by 
the sequence of the oligonucleotides used in the 
cloning from which the 4 bp GATCC of the 
oligonucleotide 1 described above have been deleted, 
followed by the remainder o£ the sequence present in 
pRFA-ML-712 up to the Hindi 1 1 site and sequence of the 
pUC19 poly linker from Xbal to HindXIX. This clone was 
designated pKPA-ML~715. 



p*f- p 7 * Obtaining of a cDNA coding for a nutated 

maiie BPSPS 



with the Pharmacia U*S.B. mutagenesis kit according to 
the supplier's instructions. The principle of this 
mutagenesis system is as follows: plasmid DMA is 
denatured by heat and reassociatad in the presence of a 
molar excess of, on the one hand the mutagenesis oligo- 
nucleotide, and on the other hand an oligonucleotide 
enabling a unique restriction enzyme site present in 
the poly linker to be eliminated. After the 
reassociation step, synthesis of the complementary 
strand is carried out by the action of T4 DNA 
polymerase in the presence of T4 DNA ligase and gene 32 
protein in a suitable buffer which is supplied. The 
synthesis product is incubated in the presence of the 
restriction enzyme for which the site is assumed to 
have disappeared by mutagenesis. The ff. coli strain 
possessing, in particular, the mutS mutation is used as 




p All the mutagenesis steps were carried out 
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host for the trans formation o£ this DNA. After growth 
in liquid medium, the total plasmid DMA is prepared and 
incubated in the presence of the restriction enzyme 
used before. After these treatments, E. coli strain 
DEI OB is used as host for the transformation. The 
plasmid DNA of the clones isolated is prepared, and the 
presence of the mutation introduced is verified by 
sequencing, 

A)- modification of sitae or sequences 
without in principle affecting the EPSPS- resistance 
character of maize to products which are conpetitive 
inhibitors of DSP synthase activity t elimination of an 
internal Ncol site from pRPA-ML-715. 

The pRPA-ML-715 sequence is numbered 
arbitrarily by placing the first base of the N- terminal 
alanine codon GCC at position 1. This sequence 
possessee an Neol site at position 1217. The site- 
modification oligonucleotide possesses the sequences 

< — 5 ' - CCACAGGATGGCGATOQCCTTCTCC - 3 • . 

A 

20 P After sequencing according to the references 

given above , the sequence read after mutagenesis corre- 
sponds to that of the oligonucleotide used* The Ncol 
site has indeed been eliminated, and the translation 
into amino acids in this region preserves the initial 
25 sequence present in pRPA-ML-715 . 

F This clone was designated pRPA-ML-716 . 
p The 1340-bp sequence of this clone is 
presented in SBQ ID No. 2 and SKQ ID No. 3. 
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P I B) - sec 



iquenoe nodlf icatians enabling the 
KFSFS-resiatanee character of maize to products which 
are competitive inhibitor* of KPSP synthase activity to 
be increased* 

P The following oligonucleotides were used: 
a) mutation Thr 102 -* lie. (SGQ&OaJO'. 
Qsl^ 5^<3AAT«:TCWAATCGaUTOCOaCCATT<»CAGC.3^ 



b) imitation Fro 106 -* Ser. 

Q U 5 ' - GAATGCTGGAACTGCAATGCGGTCCTTGACAGC - 3 ' 

A 



c) mutations Gly 101 •# Ala and Thr 102 lie. % 
5' -CTTGGGGJmTGCTGCCATCGCAATaCGOCCATTG-3' 1 Y 



d) mutation© Thr 102 -+ Zle and Pro 106 -+ Ser. 

5 ' " ^GGGAATGCTGGAATCGCAATGGGGTCCTTGACAGC - 3 ' 

A 



P After sequencing, the sequence read after 
mutagenesis on the three mutated fragments is identical 
to the parent pRPA-ML-716 DNA sequence, with the 
exception of the mutagenized region which corresponds 
to that of the mutagenesis oligonucleotides used. These 
clones were designated! pRPA-ML-717 for the mutation 
Thr 102 ■+ lie, pRFA-ML-718 for the mutation Fro 106 -» 
Ser, pRFA-ML-719 for the mutations Oly 101 -+ Ala and 
Thr 102 -» lis and pRFA-HL-720 for the mutations Thr 102 
-* lie and Pro 106 -+ Ser. 

p The 1340-bp sequence of pRPA-ML-720 is 
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presented in SEQ ID No. 4 and SEQ ID No. 5. 

The 1395-bp NeoI-HindII2 insert is the basis 
of all the constructions used for the transformation of 
plants for the introduction of resistance to herbicides 
5 whioh are competitive inhibitors of EPSPfi, and especi- 
ally glyphosate resistance . This insert will be 
designated in the remainder of the description "the 
maize EPSPS double mutant". 

10 d-L^O Glyphosate tolerance of the different mutants 
in vitro 

Extraction of EPSP synthase 
The different EPSP synthase genes are 

introduced in the form of an Ncol-Hindlll cassette into 
15 the plasmid vector pTro99a (Pharmacia, ref i 27-5007-01) 
cut with NcoZ and Hindi II* Recombinant E. coll DH10B 
bacteria overexpressing the different EPSP synthases 
are sonicated in 40 ml of buffer per 10 g of pelleted 
cells, and washed with this same buffer (200 mM Trie- 
20 HC1 pH 7.8, 50 mM mercaptoethanol, 5 mM EDTA and 1 mM 
PNSF) , to which 1 g of polyvinylpyrrolidone is added. 
The suspension is stirred for 15 minutes at 4°C and 
then centrifuged for 20 minutes at 27,000 g and 4°G. 

Ammonium sulphate is added to the supernatant 
25 to bring the solution to 40% saturation with respect to 
ammonium sulphate. The mixture is centrifuged for 
20 minutes at 27,000 g and 4*C. Ammonium sulphate is 
added to the new supernatant to bring the solution to 
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70% saturation with respect to ammonium sulphate. The 
mixture ia cantrifuged for 30 minutaa at 27,000 g and 
4"C. The EPSP synthase preaent ia this protein pellet 
is taken up in 1 ml of buffer (20 mM Tris-HCl pH 7.8 
and 50 mM mercaptoethanol) . This solution is dialysed 
overnight against turn litres of this aame buffer at 
4*C. 

ptk 2*b: Enzyme activity 

Tho activity of each enzyme, as well aa its 
glyphosate resistance, is measured in vitro over 
10 minutes at 37°C in the following reaction mixture: 
100 iBM maleic acid pH 5.6, 1 mM phosphoenolpyruvate, 
3 mM shikimate 3 -phosphate (prepared according to 
Kaowles P.F» and Sprinson D.B. 1970. Methods in Enzymol 
17A, 3S1-352 f rom Aerobaeter aerogenes strain ATCC 
25597) and 10 mM potassium fluoride. The enzyme extract 
is added at the last moment after the addition of 
glyphosate, the final concentration of which varies 
from 0 to 20 mM. 

p The activity is measured by aasaying the 
phosphate liberated according to the technique of 
Taueky H.A. and Shorr S. 1953. J. Biol. Cham. 202, 675- 
685. 

P Under these conditions, the wild- type (WT) 
enzyme is already 85% inhibited at a glyphosate 
concentration of 0.12 mM. At this concentration, the 
mutant enzyme known as Serl06 is only 50% inhibited, 
and the other three mutants, Ilel02, Xlel02/Serl06 and 
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Alal01/Ilel02, ahow little or no inhibition. 

The glyphoaate concentration has to be 
multiplied by tan, that is to say 1.2 mM, in order to 
produce a 50% inhibition of the mutant enzyme Ilel02, 
the mutants Ilel02/Serl06, Ala/Ile and Ala still aot 
being inhibited. 



mutants Ala/Ile and Ala ia not inhibited up to 
glyphoeate concentrations of lOmM, and that that of the 
mutant Ilei02/Serl06 ie not reduced even if the 
glyphoaate concentration is multiplied by 2, that is to 
say 20 mM» 

U U [O ffirnmrlT v 



L- ^[t— Resistance of transformed tobacco plant* 
p 1-1- Transformation 



AgroJbacterium tumefaciens strain SBA101 (Hood at al., 
1987) carrying the cosmid pTV1C291 (Romari et al., 
1986) . The transformation technique is based on the 
procedure of Korsh et al. (1985). 
P 1-2- Regeneration 
P The regeneration of PHD 5 tobacco (source 
5SZTA Prance) from leaf explants is carried out on a 
Murashige and Skoog (MS) basal medium comprising 30 g/1 
of sucrose ao well as 2 00 pg/ml of kanamycin. The leaf 
explants are removed from plants cultivated in the 
greenhouse or in vitro and are transformed according to 
the leaf disc technique (Science, 1985, Vol. 227 f pp. 



It Bhould be noted that the activity of the 




p The vector pRPA-RD-173 is introduced into 
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1229-1231) in three successive steps: the first 
comprises the induction of shoots on a medium 
supplemented with 30 g/1 of sucrose containing 
0.05 mg/1 of naphthylacetic acid (NAA) and 2 iag/1 of 
bentylaminopurine (BAP) for 15 days. The shoots formed 
during this step are then developed for 10 days by 
culturing on an MS medium supplemented with 30 g/1 of 
sucrose but not containing any hormone. Shoots which 
have developed are then removed and cultured on an MS 
rooting medium having half the content of salts , 
vitamins and sugar and not containing any hormone. 
After approximately 15 days, the rooted shoots are 
transferred to soil. 

P 1-3- Glyphosate resistance 
P Twenty transformed plants were regenerated 
and transferred to the greenhouse for the construction 
of pftPA-RD-173. These plants were treated in the 
greenhouse at the 5 -leaf stage with an aqueous 
suspension of Roundup corresponding to 0.8 kg of 
glyphosate active substance per hectare. 

The results correspond to the observation of 
phytotoxicity indices recorded 3 weeks after treatment. 
Under these conditions , it is found that the plants 
transformed with the construction pRPA-RD-173 display 
very good tolerance, whereas the un trans formed control 
plants are completely destroyed* 

These results show clearly the improvement 
brought about by the use of a chimeric gene according 
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to the invention for the same gene coding for 
glyphosate tolerance « 

L- \J\u Transformation end selection of maize cell* 
P BM6 (Black Mexican Sweet) maise cells in an 
exponential growth phase are bombarded with the 
construction pRPA-RD-130 according to the principle and 
the protocol described by Klein et al. 1987 (Klein 
T.M., Wolf E.D., WU R* and Sandford J.C. (1987): High 
velocity microprojeetilee for delivering nucleic acids 
into living cells, NATURE Vol. 327 pp. 70-73). 

P Two days after bombardment, the cells are 
transferred to the same medium containing 2 mN 
N- (phosphonomethyl) glycine . 
15 After 8 weeks of selection on this medium, 

calluses which develop are selected, then amplified and 
analysed by PCR, and reveal clearly the presence of the 
chimeric OTP -EPS PS gene. 

Cells not bombarded and grown on the same 
medium containing 2 siM N- (phosphonomethyl) glycine are 
blocked by the herbicide and do not develop. 

The transformed plants according to the 
invention may be used as parents for obtaining lines 
and hybrids having the phenotypic character 
corresponding to the expression of the chimeric gene 
introduced. 
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P Description of the constructions of the 
pl&smids 

p pRPA-RD-124t Addition of a -nos" 
1 polyadonylation signal to pRPA-ML-720 with creation of 
5 a cloning cassette containing the maize double mutant 
EPSPS gene (Thr 102 * He and Pro 106 Ser) * pRPA-ML- 
720 is digested with Hindlll and treated with the 
Klenow fragment of E. coll DNA polymerase I to produce 
a blunt end. A second digestion is performed with Ncol, 
10 and the EPSPS fragment is purified. The EPSPS gene is 
then ligated with purified pRPA-RD-12 (a cloning 
O cassette containing the polyadsnylation signal of 

yi nopaline synthase) to give pRPA-RD-124, To obtain the 

y 1 useful purified vector pRPA-RD-12, it was necessary for 

r Z 15 the latter to be digested beforehand with Sail, treated 

^ with Klenow DNA polymerase and then digested a second 

□ time with NcoX. 

fl j P pRPA-RD-125: Addition of an optimized transit 

'% peptide (OTP) to pRPA-RD»124 with creation of a cloning 

^ 20 cassette containing the EPSPS gene targeted on the 

plasmids. pRPA-RD-7 (European Patent Application 
BP 652 286) is digested with SphI, treated with T4 DNA 
polymerase and then digested with Spel, and the OTP 
fragment is purified. This OTP fragment is oloned into 
25 pRPA-RD-124 which has previously been digested with 

Ncolf treated with Klenow DNA polymerase to remove the 
protruding 3' portion and then digested with Spel. This 
alone is then sequenced in order to ensure correct 
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translational fusion between the OTP and the EPSPS 
gene. pRPA-RD-125 is then obtained* 

P pRPA-RD-13 0: Addition of the H3C4 maize 
histone promoter and of adhl intron 1 sequences of 
5 pRPA-RD-123 (Patent Application EP 507 698) to pRFA-RD- 
125 with creation of a cassette for expression in 
plants for the expression of the double mutant EPSPS 
gene in the tissues of monocotyledons. pRPA-KD-123 (a 
cassette containing the H3C4 maize his tone promoter 
10 fused with the adhl intron 1) ia digested with Ncol and 
Sacl. The DNA fragment containing the promoter derived 
j=3 from pRPA-RD-123 is then purified and ligated with 

pRPA-RD-125 which has previously been digested with 
Ljl Ncol and Sacl. 

Jz 15 P pRPA-RD-159: Addition of the H4A748 

Armbidopsia histone double promoter (Patent Application 
^ EP 507 698) to pRPA-RD-125 with creation of a cassette 

fiJ for expression in plants for the expression of the 

ji "OTP -double mutant EPSPS gene" gene in the tissues of 

20 dicotyledons. pRPA-RD-132 (a cassette containing the 

H4A748 double promoter (Patent Application EP 507 698)) 
is digested with Ncol and Sacl. The purified promoter 
fragment is then cloned into pRPA-RD-125 which has been 
digested with Eool and Sacl. 
25 pRPA-RD-173: Addition of the "H4A748 

promoter -OTP -double mutant EPSP8 gene" gene of pRPA-RD- 
159 to plasmid pRPA-BL-150A (European Patent 
Application 508 909) with creation of an Agrobacterium 
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tvanmfacimns tranaf ormation vector. pRPA-RP-139 is 
digested with NotI and treated with Klenow polymerase. 
This fragment is then cloned into pRPA-BL-150A with 
Sinai. 
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